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PROPULSION ENGINEERING 



Atovc: Concrpi of mulU-purpote larttl muuU indKolts how conlrolM \ariahU- 
thrust hfbrul tngine operaies. Osidizer passrs from forward sank m predetermined 
amounts through toiid fuel gram, igiutet, mues and provides thrust. Engine will lake 
up almost 7J% of vehicle. ui.ow left: Plexiglass fuel gram similar to that used in 
this small demonstration hfbrid motor will be fuel for target missile. Osidiur in Ms 
unit IS gaseous oxygen fed through prrforalkins in fuel grain. Motor case is .glass, 
making combustion visible. Flight motor will use mixture of nitrogen leirosiJe atui 
nitrogen dioxide OS oxidizet. SELOW luctiT: Beech KD2B jAohr here will be used 
as airframe so demonstrate hybrid propulsion coneepi. Target lehicle will be designed 
for a hybrid unit and to meet performance requirements during developmrni program 
to follow initial flight demonstrations. Hybrid will not be optimized for the KD2B 
airframe, therefore the flight probably wit! not reach operating regimes specified for 
the new vehicle. It is to be an engine lest only. 



PROPULSION ENGINEERING 


Mach 4 AF 
Target To Use 
UTC Hybrid 

Sunnyvale. Calif.—T he fine opera¬ 
tional U.S. hybrid propulsion system 
will power a new Air Force target mis¬ 
sile at sustained Mach 4 speeds. 

United Technology Center division 
of United Aircraft is negotiating a con¬ 
tract with Edwards AFB, Calif., to de¬ 
sign and buUd a hybrid propulsion 
system that will h<^ a pre-determined 
speed between Mach 2 and Mach 4.S at 
specified altitudes between 50,000 and 
80,000 ft. for a minimum of 5 and a 
masimum of 7 to 8 min. 

The flight demonstration vehicle will 
be a slightly modiAed KD2B target mis¬ 
sile supplied by Beech Aircraft Corp. 

The major requirement to be met is 
a target cruise at both constant speed 
and altitude. The first phase will be an 
engine flight demonstration program, 
probably followed by the normal systems 
development, culminating in a low-cost 
unit. UTC expects to manufacture the 
engine at about S2,500 per copy in full 
production. The demonstration phase 
is the only funded effort. 

The $600,000 contract from the Air 
Force's Rocket Propulsion Lab calls for 
flight demonstrations of a multipurpose 
target vehicle capable of both subs^ic 
artd supersonic speeds that could be used 
to test the effectiveness of advanced air 
defenses. 

In the I8-tno. program, UTC will 
design, fabricate arid Are 10 static lest 
motors and 7 flight-weight prototype 
motors at its Coyote, Calif., facility. Ten 
moton will be delivered to Edwards for 
flight certification and S more sent to 
Eglin AFB, Fla., for flight tests. 

The target missile will be launched 
from beiteath (he fuselage of an Air 
Force F-4C jet aircraft over the Eglin 
test range. 

Other uses seen— Although the 
application is really a low-level target 
vehicle, UTC experts are hopeful (hat 
other hybrid programs will evolve as 


LUNAR SYSTEMS 


Cryogenic Fuels Keyed to Water Cycle 


by willigm S. Seller space-qualified." 

However, an electrolysis system pro- 
CoNSERViNC Water on the Moon may pos**! ‘•V Bo*'"* considerably less 
be as important to lunar missions as Etoss weight than the General Electric 
maintaining the proper gas atmosphere one, while another by S. D. Rosenberg, 
for lunar exploren. G. A. Outer, and M. Rothenberg, de- 

Fucl can economically be derived scribed at the Third Annual Meeting of 
from the water, permitting roving ve- the Working Group on Extraterrestrial 
hkks powered by fuel cells to explore Resources, shows less weight and less 
the lunar surface without the need for volume than either the General Electric 
trucks to bring cryogenic propellants or Boeing systems. Nevertheless, the 
from Earth, or storing the fuels in large G E. system does show the highest sys- 
depots, and maintaining the depots. tern efficiency, according to a study 

On this thesis, the Missile and Space G.E. submitted to NASA. 

Div.. General Electric Co., and Air Each of the s)-stems was compared 
Products and Chemicals Inc., are pro- on the basis of producing 8 Ihs. of cryo- 
posing a fuel production system based genic hydrogen an hour and one pound 
on the electrolysis of water into cryo- of cryogenic oxygen an hour 
genic fuels. Although this is not a new NASA is presently considering sev- 
concepi. the companies claim thattheirs eral water-derived fuel production 
has "the highest efficiency" of any of methods for application to early posi- 
Ihe proposed systems and "is the most Apollo missions. 



EcoBomic advantage—Rodney W. 
iohnson, G.E.'s manager of lunar 
systems development, stresses that the 
GE-APCI cryogenic fuel production ap¬ 
proach IS designed around available 
space-qualified hardware and could be 
ready for early post-Aptdlo use. The 
system itself would be light enough to 
accommodate a water supply during a 
Lunar Module truck flight to the Moon, 
thereby “reducing or eliminating initial 
dependence on existing lunar water." 

G.E suggests using the ratio of sys¬ 
tem lifetime to payout lime, a number 
called F. as a measure of the perform¬ 
ance of a lunar fuel-production system. 
"Payout time” is defined as (he lime 
needed for a system to produce its own 
weight in cryogenics. Thus. F is an index 
reflecting the advantage of lunar pro¬ 
duction of fuels over bringing them to 
the Moon. Consequently if F is greater 
than unity, lunar cryogenic production 
will reduce the cost of lunar logistics. 

The proposed GE-APCI system is 
designed for a total net cryogenic pro¬ 
duction rate—corrected for boiloff re¬ 
cycle—of 6.57 lbs,/hr. The system 
payout time, including a power supply. 
IS eakulated at 5.382 hrs. Therefore, for 
an expected lifetime of 10,000 hrs.. the 
system F equals t.9, showing a signifi¬ 
cant advantage over transportation of 
cryogenics from Earth. 

G.E. suggests it will cost $5,000 to 
land a pound of payload on the Moon, 
and $100,000 per man-hour to maintain 
a system on the lunar surface. There¬ 
fore. for the first year, if 12 man-hours 
of maintenance is assumed. G.E cal¬ 
culates a saving of $108.8 million over 
filling a Lunar Module truck purely with 
cryogeoK propellants and sending ii to 
the Moon to supply lunar logistks ve¬ 
hicles and bases remote from lunar head¬ 
quarters. 

In effect. G.E. h proposing that 
water on the Moon be used in a com¬ 
pletely closed cycle, first as the waste 
product of fuel cells, then totally collect¬ 
ed and electrolyzed into cryogenic fuels 
for re-use. Iohnson, m fact, is "stron^y 
against using water as an evaporative 
coolant on the Moon” for any system 
unle» the vapor is subsequently collect¬ 
ed. "We protect our supply of oxygen 
on the Moon but not water to (he same 
extent," Johnson loki Technology 
Weejc- 

Derived from Gemini—General 
Electric uses a constant pressure system 
first to electrolyze water and subsequent- 


LUNAR SYSTEMS 
ELECTRONICS 


SPACE ELECTRONICS 


AN/FPQ-10 Radar in Final Checkout at PMR 


Great Neck. N.Y.—Installation of the 
first AN'FPQ-IO. a ncw-gencration in- 
sirumeniation tracking radar system de¬ 
veloped for the Navy by (he Sperry 
(ivroscope Co. Oiv. of Sperry Rand 
Corp., has been completed at (he San 
Nkirtas Island station of the Navy's 
Pacific Missile Range The system i% 
now unslergoing final operational chcck- 

A second FPQ-IO is en route to 
Kauai. Hawaii, where it will be installed 
later this year as part of the Navy's new 
Underwater Tactical Range. Altogether 
the Navy will purchase six FPQ-IO's 
two each for Nicolas. Kauai, and 
P(. Mugu, Calif. 

Designed to be operated by one 
man from a single console, the FPO-10 
is said to provide automatic target 
acquisition and unambiguous tracking 
at distances to ,5.000.000 yds. (2.500 n. 
mi.) in the beacon mode of opcraiicm- 
Wiih a 6-ift. reflecting sphere, it can 
track at distances to KXI.OOO yds. in 
the echo mode. Minimum tracking 
range is 500 yds. 

Using heavy mkrocircuiiry. most of 
the radar's el^ronics are housed in 
four main cabinets and several smaller 
accessory units. Antenna for the system 
is a l2-ft.-dia. parabolic dish mounted 
on a lorquer drive assembly The opera¬ 
tor's console consists of four integrated 
control panels containing a dual-beam 
oscilloscope for video display and an 
antenna-Koresight television display. 

The FPQ-10 features puhe-to-pulse 
polarization, low-noise RF preampli¬ 
fiers. and a two-channel mont^ulse re¬ 
ceiver. The receiver is a wideband, 
phase-balance unit that operates over a 
dynamk range of 95 db. It can process 
beacon and echo signals simultaneously 
as long as a minimum separation fre¬ 
quency of 40 me is maintained. Each 
received is automalic-frcquency-con- 
trolled to sweep 12 me about the 
selected frequency. 

System transmitter k designed 
around an SFD-313 magnetron that b 
(unable from 5.450 to 5.825 me. Trans¬ 
mitter peak power h 1 megawatt, and 
pube repetition frequencies are 160 and 
640 cps. Pulse widths, triggered in clus¬ 
ters of one to five, arc 14. V4. or 1 


Sperry reports that a mobile version 
of the AN/FPO-IO « under develop- 
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OCEANOLOGY 


Equipment Binds Undersea Photography 


by Robert W. Niblock 

Washington —E<)uipcTien( needed for 
slilt photography undeiwater U just 
'emerging from the dark ages,” accord¬ 
ing lo an underwater photographer who 
has recorded many deep-sea living ex¬ 
periments. 

Bales l.iltlehales of Sational Cco- 
K'aphn Afavorine. a 13-year veteran in 
underwater photography, loki Tech¬ 
nology Week that products available 
from commercial manufacturers "still 
leave much to he desired." Good-qualii) 
equipment is in scant supply and often 
very expensive, a deterrent to all byt the 
dedicated professional photographers, 
he said. 

Photo equipment may seem a small 
matter to some oceanographers and 
ocean engineers working to develop new 
devices to quicken effort in the seas. 
However. Litilehales said he eoitskiers 
this equipment lag serious and offered 
cogent reasons in support. 

The underwater camera not only can 
document important events, he noted. 


but can also record details of such 
thinp as instrument and equipment im- 
placements in the sea, which may prove 
valuable to ocean engineers planning 
even more sophisticated experiments or 
projects. Moreover, he said, nearly all 
the scientiffc disciplines involved in the 
study of the sea use photography lo 
varying degrees. 

ProMcois g rowte g —As the demand 
for quality pictures rises, the job of 
underwater photo reporting gets 
tougher, according lo Litilehales “I 
can't tell underwater expcnmeniers to 
conduct their work at shallow depths 
and in clear water, and they keep com¬ 
ing up with larger and larger submerged 
hardware which must be photographed.” 

In a manual on underwater photog¬ 
raphy prepared exclusively for fellow 
National Geographic Society photog¬ 
raphers. Littlehaies describe condi¬ 
tions that “would make a 'land' photog¬ 
rapher shriek in anguish.” Visibility 
is "underwater problem No. I." An 
underwater photo reporter considers 
himself "fonuiutc” if he has SO-ft. 


visibility. Even if he has the 50 ft. he 
can't gel much farther than 16 ft. away 
from a subject lo make an “intelligible 
photographic record." 

The need to "move in light" on large 
objects demands the use of wide-angle 
lenses which do not function in water as 
they do in air. Since water, with a dif¬ 
ferent refraction index than air, mag- 
nilies objects, a 28mm wide-angle, for 
example, works in water about the same 
as 35mm does in air. Also, the tangential 
light rays hitting a flat porthole in front 
of an underwater lens cause a peripheral 
or comer distortion which increases in 
relation lo the angle of coverage by the 
lens. The resultant photograph appears 
as pulled or stretched out of its margins, 
and valuable details in this area of the 
photograph are lost. 

To insure that a wide-angle will re¬ 
main a wide-angle, the photographer 
must use watcr-correcled lenses. Litile¬ 
hales said. However, the two available 
correction systems—the Dralz and 
Ivaaoff correctors—are both produced 
in France and are difBculi to ob- 


Owtfiwu utrtVMUM irainine for iheir ConSItelf (Coniinrnlal rrrirj for comer dittortion by a Drali sytlrm cotrettot and vai 

SUelfl til Jrep-lirine rt/ierimrnl. Camera had 21mm lent ear- contained in an undenaler houtinK developed by CoHtteau. 




BIOTECHNOLOGY 


GE Developing 
Man-Amplifying 
Equipment for 
ARPA, Army 

Research on man-amplifying devices 
at General Electric Research and De¬ 
velopment Center is being pressed by 
the Dept, of Defense's Advanced Re¬ 
search Projects Agency and the Army, 
who envision their use in rugged ter¬ 
rains where wheeled and tracked ve¬ 
hicles cannot pass. 

Prototypes of two versions—one an 
enclosure resembling a truck, another 
a mechanical set of muscles to aid an 
individual man~are scheduled for de¬ 
livery to these agencies in early 1968. 

Interest at CE dates back lo 1954. 
when work began on various manipula¬ 
tor programs, resulting in an electro¬ 
mechanical "force feedback" concept 
which allowed a human operator to con¬ 
trol a machine and have a sense of 
"feel" about the actions of the machine 
itself. 

Afier research with several earlier 
prototypes, the current technique of 
hydromechanical force feedback was 
incorporated into the design of the two 
kinds of manipulating devices. 

The company recently won contracts 
for the work totaling over SI million, 
with the U.S. Army Tank-Automotive 
Center acting as contracting and tech¬ 
nical moniKwing agency. 

Walking bsKk—The "truck." which 
could be used as a cargo or troop car¬ 
rier. as a porlaMe mount for artillery or 
as a ship-to-shore shuttle, i» operated 
by manipulating controls attached to the 
operator’s arms, legs and torso. 

The device, which moves on four 
legs, is 10 ft. tall, 10 ft. long and 4 ft. 
wide. The legs are 6 ft. long, and speeds 
up lo 5 mph are expected. Weight ca¬ 
pacity is a quarter ton. 

According to GE engineers, the 
walking truck has an advantage over 
conventional wheeled vehicles in that 
it does not have continuous contact with 
the ground. Thus, the operator can select 
the point on which the walking truck 
will place its feet, and step over oh- 
siacln as well. 

A further advantage, they note, will 


he a lower power requirement, since 
the truck compacts the soil only where 
the feet are placed, and not along a con¬ 
tinuous path as with wheeled vehicles. 

HanllMaN~The second of the two 
devices is a set of mechanical muscles 
which attach to an individual, permit¬ 
ting him to lift huge loads while exerting 
only a fraction of the total force 
involved. 

Attachments lo the body are at feet, 
forearms and waist. The machine is de¬ 
signed as two separate halves, joining 
in the middle. GE said all load-handling 
tasks can be performed—such as walk¬ 
ing, lifting, climbing, pushing and pull¬ 
ing—with a load as heavy as 1,500 lbs. 

Use of the Hardiman has been sug¬ 
gested for bomb loading and underwater 
salvage, and warehouse and factory 
operations. Final models are expected 
lo have self-containd power units. 

The U-S. Army Natick Laboratory 
and U.S. Office of Naval Research are 


jointly supporting the project, with con¬ 
tract administration by the U.S. Office 
of Naval Research 

Force fredheek developer—Origi¬ 
nator of the idea of force feedback at 
GE was Ralph S. Mosher, who is pro¬ 
gram chief on the current contracts. GE 
engineers report that the technique, 
which transfers the forces encountered 
by the machine to the operator through 
hydromechanicat servovalves, almost 
eliminates training time. 

Development began with a remote- 
controlled manipulator with two hands, 
created for use with dangerous sub¬ 
stances such u radioactive materials. 

However, with the requirement for 
the walking machine, the problem of 
balance had to be studied. Mosher and 
his group set up an l8-fl.-tall balancing 
machine, and studies showing that even 
inexperienced people could learn how 
to balance the device led to the present 
contracts. ■ 
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ADVANCED MATERIALS 


EOS Expanding Applications 
Of Electroforming Techniques 


Pasaiivna. < Aiif.—F.lcclroforming. 
long a production proccsi within Elec- 
invOpiical !»>siems. Inc . is being used 
to establish the Xerox Corp. subsidiary 
in the advanced materials areas 

The replication ptiKess is still turn¬ 
ing out high-quahiy mirrors for both re¬ 
search and combat uses hut other appli- 
caiions are in light. 

One of these is the development of 
seamless nickel pressure vessels in which 
the electroformiflg techniques and proc¬ 


ess monitisnng experience tailor the 
chamber to meet complex stresses. 

Another is the desclopmcni of thin- 
fiHl cicciroforming- -continuous strips 
of accurately (ashioncd metal, usually 
aluminum, with engineered perforations. 
One possible application here is in 
nickelodmium battery elements. 

In spile of these and other advance¬ 
ments. the prisfltable end of the business 
is still high-quality mirrors The M-60 
tank searchlight mirror was a high pro- 


Thr eleclraformint pructst at handled by EOS. If there are any teerrtt m the etettrir- 
forming of mirrort. they tie in the pr<Keu teehniquet. pruduetnm equipment and the 
control and regulation of rettdual eleetrofiirming ttrettrs. The proeeu it being used for 
lightweight mirrort up lo and ineluding IJ ft. m diameter. The tuceeu in designing to 
programmed ttreiset it the baiit for a tearch into new markeli by EOS. 
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ducinm Item at LOS .ind the major cur¬ 
rent task is fabrication of mirrors for 
the huge AP..II.. solar simulation cbani- 
her at SkSA's Manned Spacecrali 

An additional use ol the lacilils in¬ 
volves cleciriiplaiing a hardened nickel 
onto the siainless-siccl rotor blade icc 
blankets of the Hocing-Vcriol Sea 
knight (('H-46A) Marine helicoisler 

Solar simulMion In the N.ASA ssv 
tern, two aspheric collector mirrors sur¬ 
round a .31-kw variable power carbon 
arc located outside the vacuum cham¬ 
ber. These mirrors collect and project 
the arc Ciwrgs through the intcrmcJiale 
lens projection sssiem into the chamber 
and onto the aperture defined hs the 
convex spherical secondary mirror with 
the central fill-in lens system. 

The flux reflected from the spherical 
secondary is collimated by the hex¬ 
agonal primary collimaikin mirror. 

Each of the four mirrors is designed 
for operation at a constant lemperalurc 
using low-pressure circulating water. 
The large collimator mirror has cast 
spiral cooling passages to achieve uni¬ 
form temperature control and to facili¬ 
tate complete water removal through an 
air blow-down procedure. 

This is necessary because the col¬ 
limator mirron observe cryogenic cool¬ 
ing panels; if the high flux densities on 
the two mirron are remosed. the rapid 
cooling would freeze any residual water. 
This would expand the cooling passages 
and possibly damage the mirrors 

'The carbon arc source is a unique 
automatic feed mechanism system de¬ 
veloped by the RCA Service Co. for 
NA^. The carbon rods are fed to the 
arc generator in a Gatling-gun arrange¬ 
ment and (he entire system is modular¬ 
ized. 

Plana call for 250 modules to be 
installed in the Alpha Chamber at 
Houston. The total funding lo EOS has 
exceeded S4 million. 

The majM' problem has been to de¬ 
velop accuracy in the mirrof/Icns syv 
terns in spite ^ the high operating tem¬ 
peratures of the arc source. This, as 
mentioned, is coupled lo a cryogenic 
environment necessary for the vacuum 
sysletn. 

The mirror design h a composite 
structure having a cast aluminum hack¬ 
ing providing both points of attach¬ 
ment to the system and the majority of 
the required structural rigidity. 

The reflecting shell is bonded lo the 
backing strxKiure by a continuous ihin- 
film adhesive. The cooling channels are 
cast into the backing structure in the 
cuirent design. Fonnerly they were 
channelled into the surface and covered 
with' a conforming din of spun alu- 
mlnuih. 

EOS experts avoided a twin-wall, 
contindouvwaiqr-jackcted cooling syt- 


Technical Countdown 


ELECTRONICS 

Anti-Radiation Solar Cell Developed 

Diffusion of minute quantities of lithium in silicon 
solar cells introduces a "self-healing" quality against 
radiation damage. The result, according to developers at 
RCA's David Sarnoff Research Center in Princeton. 
N.i.. is a cell capable of withstanding up to 50 limes the 
radiation exposure of the best conventional solar power 
cells. Also, they pointed out. weight savings of up lo 
90% are possible by eliminating the present need for 
quartz or sapphire transparent layers now used for 
shielding. Similar radiation resistance may be obtained, 
researchers suggested, by applying the approach to other 
silicxm components such as transistors, diodes or even 
inirgraleJ circuib. 

Apolle-Ship Antanna Feed Described 

New antenna feeds, developed by Sylvania for use 
in Apollo instrumentation ships, will permit the 3(^ft. 
dishes to track out to synchronous distances (22,300 
mi.) to an accuracy of 0.04 degree, the Arm claims. De¬ 
veloped under a S570.000 subcontract with General 
Dynamics, prime for conversion of the three tankers, the 
new feed includes one transmitting and four receiving 
elements. These will permit the antenna systems to 
handle multiplex telephone, tek^inter. and high-speed 
data irafliic. as wdi as to track Apollo spacecraft auto- 
malically to and from the lunar expedition. 

Rodey* Convartod far Microcireuitry 

Nearly all discreie-componeoi circuitry employed in 
General Dynamics' Redeye sboulder-Sred ground-t^air 
misaik has been converted to linear semiconductor inte¬ 
grated circuits. In one year, working with Motorola's 
Semkonducior Div., engineers at GD-Pomona have suc¬ 
ceeded in redoigning the missile’s infrared guidance and 
control system—from concept to hardware—without 
performance degradation. Some system characteristics 
—among them temperature, shock, humidity and vibra- 
lion—have been improved, developers disdoaed. 


SPACE SCIENCE 

lndustrial/Univar«(ty Reckot Firing Plonnod 

Measurement of energetic electrons, night airglow, 
and ion bulk motion at altitudes up to 170 km te the 
objective of a sounding rodtet flight thb summer from 
Barking Sands Test Site, Kauai, Hawaii. The launching 
represents a cooperative endeavor between cxfucational 
and industrial organizations. Sandia Corp. has made 
payload space available in a Nike-Tomahawk sounding 
rocket to be used in a vehkk environmental test prxv 
gram- University ci Utah. Utah State University and the 
Asiro-Met Divbion of .Thiokoi Chemical Corp. are 
using the opportunity to fly several new instruments 
measuring atmospheric characteristics. University of 
Utah win lest an energetic electron counter, which it 
later plans to fly into auroral dbplays in the arctic; USU 
will study night airglow in the ionosphere, using four 
optical radiometers; Astro-Mei win calibrate a new de¬ 
vice for measurement of bulk motion of ions at altitudes 
above 90 km. Astro-Mei also will provide payload 


integration and vchick interface services for the univer¬ 
sity groups. 


PROPULSION 

Lawn Now Handlo* Vahicia Doaign Critaria 
NASA Headquarters designated its Lews Research 
Labs, Cleveland. Ohio, as the center responsibk for the 
development of space vehick design criteria in the field 
of chemical propulsion. Howard W. Douglass will be 
chief of Ibe new office. Purpose of tlie program is to 
establish criteria and procedures defining the boundaries 
or physical limits to which chemical rockets should be 
designed. The effort will result in a compilation of all 
knowledge in the Aeld from NASA. DOD. other govern¬ 
ment agencies and industry. 


MATERIALS 

Joint Potent tssued on Jet Engine Alley 

CruciUe Steel Co. and General Ekcirk Co. are the 
joint recipients of U.S. Patent 3.243,287. covering a 
low-cost, forgeabk. iroo-nickel-chromium superalloy. 
The composition b designed for high-stress service ap^i- 
calions such as jet engine wheels, turbine blades and 
high-temper a ture fasteners. CG-27 b readily forgeabk 
and machineabk and has excellent welding characteris¬ 
tics. It has high strength and corrosion resistance in the 
1.200-1.400*F range. The alloy, which also contains 
molybdenum, will be produced by Crucible. 


BIOTECHNOLOGY 

Tooth TrantdiKOf To Mootwro Accoloration 

Acceleration effects of space flight on the cranium 
will be studied by Electro-Optical Systems through the 
use rf a liny biomedical strain gage-type accekrometer 
placed in the mouth of subjects riding oscillating plat¬ 
forms. Under a contract from NASA's Ames Research 
Center, EOS will design five of the units, measuring only 
.060 in. thkk by .250 in. wide, and .200 in. long. In its 
hermetically sealed case, each device will measure .430 
by .430 by .200 in. Sensors consist of three active arm 
Wheatstone bridges, one for each mutually perpendicu¬ 
lar axb. and a half Wheatstone bridge circuit to mini¬ 
mize the number of lead wire conneclioos. Similar 
pkzoresbtive sensors, using boron diffusion on a silkon 
substrate, have been used by EOS in the NERVA 
program. 

SAM Shidiot Parotid Flew 

The Air Force has completed a flve-year beselioe 
study oi human production of parotid fluid involving 
nearly five thousand subjects. Lmb of sodium, potas¬ 
sium, chloride, cakium, phospb^us. urea nitrogen, 
bicarbonate, glucose, amylase, acid pboephaiaae. total 
protein, and uric acid were obtained, as well as specific 
gravity and osmolariiy. The anaJysb of fwrotid fluid— 
secreted by glands in the mouth—hat been attracting 
interest as a means of assesaiog astronaut stress and well¬ 
being without cumbersome bkHnstnimentation devices. 
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NASA Considers Facsimile 


Camera 


by Ron Barnhart 

Boston —A facsimile camera originally 
designed for the Ranger program is gel¬ 
ling serious NASA consideration for 
■he Surveyor and Apollo Applications 
programs. 

The camera, developed by the Aero- 
nulronic Div.. Philco Corp.. is meant to 
be dropped—presently on the Moon and 
lalcr on one or two of the near planets. 

Details were revealed recently in 
the War Memorial Auditorium here by 
Dr. D. N. Tompkins, technical kader 
of the group that developed it. Speaking 
in a lechnkal session at the National 
Telemetering Conference. Tompkins re¬ 
ported that tests have proved the 
camera's components can successfully 
withstand shocks of more than 4,000 g's 
at impacts up to 130 mph. Other 'esls. 
he said, have shown they can survive 
temperatures ranging from —250*' F 
to -1-250* F. perform m vacuums down 
to 10 " mm hg, and operate wniie ex¬ 
posed to the radiation encounkred ia 
deep space. 

In addition to being abk to take 
this licking. Tompkim claims the lunar 
fBCsifflilc camera can produce black- 
and-while photographs of the Moon's 
surface far superior to similar pictures 
obtained by other modes of video 
photography. 

How M works—As described by 
Tompkins, the facsimtk camera is a 
high-resolution electromechanical line 
scanner that n based on a unique con¬ 
cept in line scan imagery. It is selec¬ 
tively responsive, even under subdued 
lighting, to either visibk or infrared 
wavekngths. or both. The camera pro¬ 
vides a 360-degree pkiure of the visibk 
surroundings from the near field to an 
unobscured horizon. A compkie survey 
of Its field of view may lake less than 
a minute or a.v much as several hours, 
depending upon the requirements and 
constraints of the mission. 

Its performance characteristics arc 
haved on the use of fixed, narross-fteld- 
of-view. high-local-raiiu optics, which 
are placed in front of a quantum detec¬ 
tor of large dynamic range and hroad 
spectral response. The flxed-focus optics 
provide a distortion-free picture that is 
in focus from a few feet away to in¬ 
finity The scene surveyed appears simi¬ 
lar to the view as n would be seen by 
the human eye. 

The facsimik camera differs from 
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FREE / Place your order now and your Technology Week 
subscription will include the 6th Annual NASA Report, 
“ADVANCED RESEARCH FOR THE 1970’s“ ... a bonus 
supplement bound into the November 28th issue. 

This extensive special issue concentrates on NASA’s 
billion-dollar advanced research and technology projects 
planned for the next five years. 

Here are some of the editorial highlights: 

1) In-depth reports on NASA aeronautical research: 
NASA’s cooperative effort with the FAA and Defense 
Department on the supersonic transport program • 
hypersonic propulsion • manned space stations • 
nuclear rockets • space power and vehicle systems • 
electronics • liquid and solid propulsion • 
materials • biotechnology. 

2) Up-to-date status report on Project Apollo. 

3) Special report on new space programs to be funded 
in FY 1968 with emphasis on the Apollo Applications 
Program & Project Voyager. Includes a projection of 
programs moving to hardware development in 

the next five years. 


On June 6 we changed our name from 

Missiles and Rockets to Technology Week ... 

Why? 

Because Technology Week represents more 
accurately our editorial content and the 
multiple interests of our readers. 

Missiles and Rockets was born with the 
Space Age a short ten years ago. We pioneered 
coverage of this exciting field. 

As aerospace changed dynamically, we 
reported these changes and followed their 
powerful impact on every phase of man’s 
activity, from the ocean floor to the outer 
reaches of space. 

The new, expanding Technology Week will 
follow aerospace technology wherever it goes 
... covering the vital phases of technical effort: 
research-development-testing-evaluation. 



In addition to the Annual NASA Report, your 
TECHNOLOGY WEEK subscription provides these 
special issues coming up: 

DOD Military Systems Issue March 1967 / Annual 
recap and forecast of the military’s use of space 
age technologies. 

World Missile/Space Encyclopedia July 1967 / 

Complete reference guide to U.S. and foreign Space 
Programs and Projects. Over 200 Illustrated pages. 

PLUS: regular technical reports-in-depth covering 
areas of prime importance to you In your profession. 

Keep up-to-date with your industry ... 

Order your personal copy of TECHNOLOGY WEEK today! 
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including Missiles and Rockets 

1001 Vermont Avenue, N.W., Washington, D.C. 20005 










